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BACKGROUND

Peninsular Bighorn Sheef

Recovery Regions
3,208 knt

1 ¢ San Jacinto Mountaing, 168 kn?
2 ¢N. Santa Rosa Mountaing 194 kn?
3 ¢C. Santa Rosa Mountains257 kn?
4¢S. Santa Rosa Mountains562 kn?
5¢ Coyote Canyorg 250 kn?
6 ¢N. San Ysidro Mountaing 86 kn?
7 ¢S. San Ysidro Mountaing117 kn?
8 ¢ Vallecito Mountains¢ 708 kn?
9 ¢ Carrizo Canyoig 866 kn?

USFWS Critical Habitat

Peninsular bighorn sheep Qvis canadensis nelspn
inhabiting the Peninsular Rangesf southern Californiaj.
are a federally listed endangered specig@fie California
Department of Fish and Wildlife (CDFWArries out
population monitoring andeacovery under U.S. Fish an
Wildlife Service (USFWS) Endangered Species P
TE163017L. Thisreport summarizegpeninsular bighorn
sheep (PBSpdio-collarmonitoring, disease surveillance -
and causespecific mortality investigatiswundertakerby |,
CDFWrom 1 June 2018 to 31 May 2018 addition, PBS| ..
data collected by CDFW over the past 27 yeaeviewed.

Anza-Borrego Desert State Park
City Centers
Wind Farm Infrastructure

The Peninsular Mountain Ranges contain 9 designg-
bighorn sheep recovery regions occupying portions
southern Riverside, westerimperial, and eastern San
Diego Countie@Map 1).The 9 recovery regions ark} San |-
Jacinto Mountains (SJM)2) Northern Santa Rosd
Mountains (NSRM)3) Central Santa RosaoMntains
(CSRM)4) Soutlern Santa Rosa Mountains (SSRB)), |
Coyote Canyon (Co®), Nortrern San Ysidro Mountaing
(NSYM),7) Souttern San Ysidro Mountains (SSYM), | —
Vallecito Mountains (VMand 9) Carrizo Canyon (CC).

CDFWmonitored all Very High FrequencyWHF) and
Global Positioning System (GPS) raditbared sheep
rangewide using a combination of ground, satellitg
remote-download and aerial telemetry. Ground
monitoring efforts focused otthe following 1) radiocollared sheep status (alive/dead), 2) riaity investigations, B
observations of sheep group compositidrealth, and statusand 4) spatial and temporal movementSatellitecollared
sheep were monitored every to 10dayswith the Iridiumsatellite Network that delivermessagesind locationdata via

the internet. A Cessna 185 fixasling aircraft was used toonduct aerial telemetry monitoringf radio-collared sheep
status; however, flight availability was limited during this reporting period and the bulk of monitoring was done from the
ground.

yi
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(DFW Wildlife Management Program Staff

Mr. Randy Botta, Senior Environmental Scientist (Specialist) for the South Coast Region provides oversighiitdeange
population monitoring activities, manages all capture and survey activiigesists with aerial telemetry flights, and
supervises one field position. Ms. Janene Colby r&mwiental Scientist with the South Coast Region conducts all field
monitoring, mortality investigations, GIS mapping, data analysis and reporting, and agistsnal telemetry flights and
captureand surveyactivities.

RADIGCOLLAR STATBAST AND PRESENT

This report will reviewCDFWdata for radio-collared Peninsular bighorn shee@mngewide over the past 27 yearsA
reporting periodspans a 12nonth perbd from 1 June of one year to 31 May of the following year. For examgperting
period1 started on 1 June 1992 and ended on 31 May 1993 @paiting period27 started on 1 June 2018 and ended on

31 May 2019 (Table 1Mereafter reporting period 27 viil 6 S NBFSNNBR (2 | a (OK&erag® dzZNNX
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Table 1. CDFW raw data for the number of bighorn sheep (ewes and rams combined) withcalltms at he beginning of each reporting period, number captured,
total number radio-collared over each reporting period, number of collars censored (due to dead batteries or collar-df)pand number and percentages of

mortalities by cause. A reporting period 2 months starting 1 June of one year and ending on 31 May of the following year.
Report|Collars af Non- Total % | %Non| . % % 5
Year{ ing | startof e | ekl esnee Pr_edat- predat Ul | CELgallie) WHED Mortal- | Predat | predat- % Un Capture | Urban Total_ ./°
; . tured| Collared| ed ion . known| related |related| .. . . known Mortalities
period | period ion ities ion ion related |related

12932_ 1 0 43 43 1 1 1 2% 2%
1993

04 2 41 27 68 8 2 2 3 15 12% 3% 3% 4% 22%
1224 3 53 53 4 11 3 14 21% 6% 26%
12965 4 35 35 8 8 23% 23%
12976 5 27 27 5 3 3 11% 11%
12987- 6 19 21 40 6 6 6 15% 15%
1328 7 28 12 40 3 4 1 5 10% 3% 13%
1%%9 8 32 17 49 3 2 2 7 6% 4% 4% 14%
2%20 9 42 42 2 1 3 5% 2% 7%
2001

02 10 39 37 76 1 9 1 1 2 13 12% 1% 1% 3% 17%
23032' 11 62 4 66 6 4 2 6 6% 3% 9%
2%33 12 54 24 78 25 8 3 11 10% 4% 14%
2%%”’ 13 | 42 42 2 1 1 2% 2%
2%%5 14 39 21 60 1 5 2 2 1 10 8% 3% 3% 2% 17%
2%(;6 15 49 49 1 2 3 2% 4% 6%
2007

08 16 46 18 64 3 1 1 1 2 8 5% 2% 2% 2% 3% 13%
2%%8 17 56 56 4 2 2 1 5 4% 4% 2% 9%
23%9 18 47 36 83 4 2 3 1 10 5% 2% 4% 1% 12%
2(1110 19 73 8 81 3 2 1 1 4 2% 1% 1% 5%
2%1' 20 | 74 74 | 10 | 1 1 2 1% 1% 3%
2?&32— 21 62 12 74 9 4 3 5 12 5% 4% 7% 16%
2013

14 22 53 18 71 15 4 5 2 1 1 13 6% 7% 3% 1% 1% 18%
2%4 23 43 49 92 5 3 2 1 11 5% 3% 2% 1% 12%
2015

16 24 81 89 170 12 1 6 1 20 7% 1% 4% 1% 12%
2016

17 25 150 1 151 2 15 1 5 1 22 10% 1% 3% 1% 15%
2017

18 26 127 36 163 24 16 1 3 1 1 22 10% 1% 2% 1% 1% 13%
208 27 | 117 | 9 8 5 | s 18 | 7% | 4% | 4% 15%
27‘?2\';;0@' 1491 | 473 | 1964 | 130 | 148 | 36 | 50 | 11 8 253 | 7.5% | 1.8% | 2.5% | 0.6% | 0.4% | 12.8%

approximately 19% of radioollars are lost each year due to a combination of expired batteries (6%) and sheep deaths
(13%); therefore, radi@ollars must be purchased, and captsiomnductedon a regular basis. Between 2009 and 2017,
CDFW focused on placing GPS collars within recovery regions that lacked information on sheep movement and distribut
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(Figure 1).The recovery plan
(USFWS 2000) recommend
maintaining active radiocollars 50
on appoximately 2530% ofthe

adult ewes (females)in each 40

recovery regionMaintaining at

least 25% is important for

30 I
generating reliable markesight 20 I I

60

192}

No. of GPS/SAT Collars

population estimates based on - I
helicopter surveys-urthermore, I
g Y . — = _ B =

maintaining a representative
Sample of radiecollared PBS is 1998 1999 2001 2005 2009 2010 2012 2013 2014 2015 2017

necessary to accuratemscrlbe SJM ENSRM mCSRM 1 SSRM B CoC ENSYM BSSYMEVM mCC
distribution and movemen Figure 1. Number of GPS collars placed on bighorn sheep each capture year by recovery region.

patterns, adult survivorship, causgpecific mortalityand health statusThe cost associated with radowmllars and capture
operationsare extremely high, and it has become increasingly difficult for CDFW to procure funds on a regular basi
Without consistentfunding to maintain active radioollars on at least 25%f the adultewesinto the future, it will be
impossible to accurately estimate population abundarcel trends. Regular and accurgbepulation estimates are
crucial to assess if recovergajs can be metWith limited funds available, CDFW has focusgdrts on radiccollaring
ewessince they ar¢he reproductive base of the population.

At the beginning of thecurrent reporting period (1 June 2018&he 9 recovery regions contained 7 (115F, 2Mactive
radio-collared bighorn sheep (Takil Over the reporting period,8 radio-collared sheep diedL{F,1M) and radiecollars

on 9 ewesbecame nonfunctional (censored). #he end of the reporting period (31 May 29)1 there were90 (89F, 1M)
active radiecollared bighorn sheep. Rangédde, approximately 2% of the estimated ewe population was radiollared

at the beginning of the reporting period compared16% at the en of the reporting period (based on 2016 generalized
ewe populationabundanceestimate of 552). Presentlyhe only recovery regions that are well represented with radio
collared ewesare the NSRM (54%) and the NSYM (28%). All other recovery regiondyerepresented with CC and
CoC having only 11% and 4% of the estimated ewe population-catlioed, respectively A capture to radieollar
additionalPBS itentatively plannedor fall 20L9; however, due to limited€DFWunding capture activitiesreonly being
planned forthe VM and CC recovery regions.

Table 2. Distribution and numbers of active radamllared female (F) and male (M) bighorn sheep within the 9 recovery regions starting on 1 June
HamMy FYR SyRAYy3 2y om al& Hampd ¢-sofared@oFCollarddBaR the d8dNIDay G0 BiSbasedFon Thé gehefalized @weNJ
abundane estimate of 552 obtained from the 2016 helicopter survey. Mortalities are the number of bighorn sheep that died duringgeeting period. Censored

is the number of bighorn sheep that wore dio-collars that became nonfunctional during the reporting ped.

Cate | SIM| SIM [NSRMNSRM CSRMCSRM SSRM SSRM CoC| CoC [NSYMNSYM SSYMSSYM WM [ W | CC | Ly i’)‘t‘;’l ti‘:; Grand
goy| FI M| F| M| F|M|F|M|F|IM|F|M|EFE|M]| F|M|F eS| Total
%11/8 01|17 0120|140 )| 3]0 |11]o| 9| o109 1]|2]o0/l 15| 2|17
mortal-] 5 2 1 3 1 3 2 | 1| 2 17 | 1| 18
ities

CENSOF) 1 2 3 2 9 9
ed

SB8U 4 6l 1 |15 0 |l1w| oo o]l 2|o0o|s|o|a|lol17]|o0o]18|o0o]s]| 1]
2019

0,

B F | 190 54% 15% 17% 4% 28% 14% 17% 11% 16%

Collareq

POPULATION ABUNDANZEVIEW

CDFW conductekelicopter surveys to estimate PBS population abundance in recovery regifrers 19942008, and
rangewide surveys in recovery regionlin 2010 and 2016Table 3) Bighorn Institute conducted helicopter surveys in
recovery regions-# from 19942008 CDFW did not conducklicopter surveys in 2012, 2014 and 2018 dwudack of a
state-wide helicopter contract and/or funding limitation&eneralizedangewide population abundance estimates were
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derived by summing the estimates for each recovery region; however, a +gitigeestimate was not possible in 2004
becausesurveys were not conducted in recovery region 3.& 4angewide helicopter survey ianticipated for fal2020.

From 1994 to 2010, the rangeide PBS population steadily increased from an estimated 335 to 955 (Figure 2). The mos
recent 2016 rangevide PBS population estimate of 884 demonstrated a stable population. Whether the popuiason
remained stable, increasear decreased is not known since surveys were not conducted in 2018; therefore, the
importance of regular surveys cannot be overstated. The bulk of the rawdgeincreases since 2002 were contributed

by recovery regions 9 @n8 respectively (Table 3). These 2 recovery regions are the largest by area (Map 1) and eac
contain 4 ewe group@Maps 13 & 1%. Recovery region 4 is the third largest by area (Map 1) and consists of 3.5 ewe groups
(Maps 4 & 8). This recovery region relaed an estimated population of 179 in 2006, slightly decreased over the next 2
surveys andubstantiallydecreased for the 2016 survéVable 3)Similarly, ecovery region Ihcreased steadilyntil the

2016 survey when the estimate was considerably lower than in the preSisuveyefforts; however the survey number

was likely underestimated based on direct observations of sheep throughout theReewvery region 5 has consistently
increased since survey efforts startdtkcovery regions 6 and 7 reached a peak in the 2010 survey and slightly decrease
in the 2016 survey. Most notably, the population in recovery region 1 has lagged far belitietalecovery regions and

was consistently low until 2016 when the population estimate dramatically increased threefold.

Table 3. Population abundance estimates (adult rams + adult ewes + yearlings) per Recovery Region (RR) for Péighsufasheep from 1994 to 2016 based on
helicopter surveys. Bighorn Institute (BI) conducted helicopter surveys in RRrbm 19942008 and used a variety of statistical methods to generate population
abundance estimates (Green italic numbers). CDFW emteld helicopter surveys in RR%from 19942008, and RR-2 in 2010 and 2016: population abundance
SadAYlIdSa o600tdzS 02fR ydzyoSNARUO 6SNBE ISYySNIGSR dzaAy3a / KI sdtheryiisedoted \Ddeptovalzk Y 2 R A
of a CDFW helicopter contract, surveys were not conducted in 2012 and 2014.

ngg?genry 1994 | 1996 | 1998 | 2000 | 2002 | 2004 | 2006 | 2008 | 2010 | 2012 2014 | 2016 | 2018 2020
No Range No No No
RRESan |, | g 23 | 17 | 22 32 21 | 26 | 16 wide Range | ;g | Range | Range
Jacinto Mtns. wide wide wide
Survey
Survey Survey Survey
No Range No No No
RR2N.Santa) 11z | g | 22 | 32 | 40 57 49 | 77 | 90 wide Range | ., | Range | Range
Rosa Mtns. wide wide wide
Survey
Survey Survey Survey
No Range No No No
RR3C.Santa) 112 | gm | 72 | 53 | 115 No 163 | 122 | 133 wide Range | ..o | Range | Range
Rosa Mtns. Surveys wide wide wide
Survey
Survey Survey Survey
No Range No No No
RR4S.Santal 1,2 | gp | 35 | 51 | 84 No 179 | 155 | 149 wide Range | g5 | Range | Range
Rosa Mtns. Surveys wide wide wide
Survey
Survey Survey Survey
No Range No No No
RRSCoyote | o9 | 37 | 35 | 35 | 35 47 42 | 52 | e6 wide Range | oo | Range | Range
Canyon wide wide wide
Survey
Survey Survey Survey
No Range No No No
RREN.San | g0 | 39 | 34 | 33 | a7 50 79 | 82 | 7 wide Range | o | Range | Range
Ysidro Mtns. wide wide wide
Survey
Survey Survey Survey
No Range No No No
RRES.San | 19 | 56 | 41 | 39 | a1 47 38 | 53 | 55 wide Range | ,, | Range | Range
Ysidro Mtns. wide wide wide
Survey
Survey Survey Survey
RR & NoRange RaNno e R:;\ln0 e RaNr? e
Vallecito 29 | 28 | 45 | 64 | 159 | 150 77 | 123 | 142 wide ng 163 ng ng
wide wide wide
Mtns. Survey
Survey Survey Survey
No Range No No No
RROCamzo | g | 34 | 28 | 82 | 127 | 101 145 | 186 | 232 wide Range | ,g¢ | Range | Range
Canyon wide wide wide
Survey
Survey Survey Survey
Total* 339 277 335 406 511 kr:‘i)r\]/:/n 793 567 955 Unknown | Unknown | 884 | Unknown | Unknown

*This is the sum of recovery regions (Generalized) rather than a rafdgepopulation abundance estimate.
aBlreported 1 helicopter survey estimate for all recovery regions combined {Bfthe Santa Rosa Mountains in 1994 and 1998.
®Due to the low proportion of radigollared animals observed a "markless" population estimator was used.

pg.4



Number of Adult BHS

000 2002 2006 2008

1994 1996 1998 2 2004

Year

2010 2012 2014 2016

Figue 2. Generalized rangwide (RR 19) peninsular bighorn sheep population estimates from 1994 to 2016 based on helicopter surveys. There wer
surveys conducted in RR 3 & 4 in 2004 and no ranige surveys in 2012 & 2014.

Examining trends in ewabundance estimates are importa@is eves are the reproductive base of the population
Furthermore,recovery goal$ocuson maintaining25 eweswithin each recovery regiofor 12 consecutive yeatsefore

PBS can be removed from the endangered species éistb:ewe ratios derived from survey results are used as an index
of lamb survivato approximately 9 months of aggased on a peak parturition in February and surveys conducted in
November) Ewe abundance trends and lamb survival indices based on CORdpter surveys are summarized below
for recovery regions-9:

1.

SJIMc 10 ewes were estimated in 2010; 6 years later the population estimate met and exceeded 25 ewes for the
first time since recovery efforts started (Figure 3A). Lamb survival was very poor in 2010 but reached a high «
52% in 2016 (Figure 3B).

NSRM 47 ewes were estimated in 2010 but baretp eweswere estimated in 201§Figure 3). The estimate in

2016 was likely underestimated based on field observaticasLsurvival was exceptionally low in 2010 but was
well above 30% in 201 igure 3B)

CSRM; BEwe abundance estimatavere well above 2 2010 and 2016Figure 3A).amb survival for both survey
efforts were high at 52%Figure B).

SSRM; Bwe abundance decreased from #52010 to 47 in 2016; however, the confidence interval in 2010 was
exceedimgly large(Figure 3). Lamb survivah 2010 and 2016 was 30% and 25% respect{fure 3B)

CoG Except for low counts in 1998 and 20@&ve abundance estimates have slowly increaseabove30ewes

for the last 3 surveysfforts (Figure 4). Lamb survival has been above 30% except in 2002 and 2Bitfuire 4B).

NSYM- Bwe abundanceestimatesreached a low of only 15 ewes in 1998 and 2000 after which the population
steadily increased to a high of 47 in 2q@&yure €). Since 2008, ewe abundance decreased to an estimate of 28
ewes in 2016. Confidence intervals were large in 1994 and-200@ and thus the ewe population may either
have been over or underestimated firoseyears. Prior tahe 2002 survey, there were extmee fluctuations in

lamb survival indicethat ranged between 50% and 13%gure 4D)Lamb survival reached a high of 53% in 2002
but steadily declined each survey to a low of less than 1% in 2010. Low lamb survival within this recovery regic
has been liked to pneumonia based on direct observations &ithecropsyresults. Lamb survival rebounded to
39% in 2016.

SSYM¢ Bwe abundance estimates did not exceed 25 ewes until 200gure5E) Ewe abundance has been
maintained at over 25 ewes since 2002 gtda 2006 when it was estimated at only 2¥/hile the declining trend
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in lamb survival since 1994 dsncerning(Figure5F) indiceshaveremained above 30% survival except in 1996
and 2010.

VM ¢ The trend in ewe abundance estimates has steadily increéagece 1996 and have remained above 25 ewes
since 1998Figure5G). Lamb survival indiceshow no trend with fluctuations equally above and below 30%
survival(Figure5H).

CCcEwve abundance estimates decreased from 39 in 1994 to only 18 ewes ir(Rig98e5I). Since 1998 the ewe
population trendhasincreagd with all survey estimates well above 25 ewes. However, confidence intervals have
been notoriously large within this recovery region and likely due to the difficulties in maintaining a rejptesen
sample of radiecollaredewesin such a large recovery regiohhere is not a discernable trend in lamb survival
with 7 out of 10 surveys above 30% survidure5J)

Figures 3A & BCDFW population abundance estimates for adult ewes (A) and Lamb:Ewe ratios (B) per Recovery RegiiRR 1) based on 2010 and 20
KStAO2LII SN adzNBSead t20dzZ A2y | odzyRFYyOS Sadavylr iSa ¢ Stixbtor BEugrSI08R) (& bs
represent the upper and lower 95% confidence intervals.

A RR5- Adult Ewe Estimates B RR5 Lamb:EweRatios
g — B
= 5 =
L &
5 E
2 5
1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016
Year Year
C RR6- Adult Ewe Estimates D RR6- Lamb:EweRatios

R?=0.0133

2008 2010 2012 2014 2016

Lamb:Ewe Ratio
\
1
ﬁ '
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i
1
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Figure 4AD. CDFW population abundance estimates for adult ewes and Lamb:Eatiosin Recovery Regions & 6 (RR 5& 6) from 1994 to 2016 based on
KSt AO2LIGISN) adzNpSead t 2Lz | GA2y | odzyRFyOS SadAaYldSa ¢S NFBor (Sebef $MWMDDLSIRa
lack ofa CDFW helicopter contract, surveys were not conducted in 2012 and ZBrtdrbars represent the upper and lower 95% confidence intervals.
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